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INTRODUCTION 

Contentious, as outiined in this note, i 
solution to Project Prodigal, which is а гепега1 project ¢ | 
long-term investigations into possible future fighting vehicles. 
Whilst the experimental investigations on whioh the design will 
ultimately be based are insufficiently advanced at this stage to 
justify the presentation of a detailed engineering scheme, the lines of 
approach are now sufficiently clear to permit this broad presentation, 


s an attempt =t а specif ic 
overing all 


DESIGN DETATLS | 
Althourh Contentious is visualised аз а smll vehicle in comparison 


with present medium tanks it will be a fighting vehicle whose armour 
protection and fire power are at least of medium tank stendard, It 
will carry а crew of two and its gun will be limited 19 traverse to 
about t 20 degrees. Its weight will be in the range 20 tons (at which 
it will be air transportable and air-droppable from "Beverley" and other 
future transport aircraft) to 30 tons (at which the crew, in a podded 
compartment, will be given exceptionally high protection against both 
nuclear and conventional attack). It will have а multi-fuel engine and 
will carry 2 fuel for at least 22 road ши ( if 3h ue 
а tracked vehicle) or for over 1,000 miles (if it із a wheeled vehicle). 
2.1 J/rmement and Fire Control 
ме is firmly, іп our opinion, а gun tank (NOT а 
С. И, vehicle): contrery to our earlier ideas the best anti-tank round 
now appears to Бе A.P.D.S, rather than a chemical energy round, since 
our work on fire control systems indicates that, with Л.Р,8,5,, it is 
possible to achieve not only а high probability of hitting all types of 
tank target throughout the range of zero to 2,000 yards, but also ап 
exceptionally low time to fire the first main round (varying from 
9 to 10 seconds with ranging machine pun down to about 2 seconds with 
pulsed light ji these two features are further coupled with the ability 
to attack different targets very rapidly, and in demonstrations of our 
techniques 16 distinct tank targets have been hit within one пиле, 
n т suided weapon of which we have knowledge c^n compete with 
: Le а tkan of features provided Бу the pun. Lethality 
а тэл Ена ау marginally favour a С. solution but not sufficiently, 
in ТА аспа to ої fset the very powerful advantaces of a fully- 
exp Oxted pun solution, It may be noted that other factors, = | 
reliability пт] ens f % Lore | = Ss such ез 
: А ` ase о raining, also favour the ARDS gun solution. 
езі, о of providing the tank with ап Н.Е. 
| У 15 not yet clear but an additional light non-recoiline 
76 mm. gun (esr. Saladin че | ing 
might offer a pood 212 үзе) rigidly attached to the main armament 
; ion, 
241.41 Further Work 
actively at ፻፲ у, қ; DE Work on fire control systems is continuing 
2, It is our opini 1 | 
) ша оп that an investirati 
best ^. F.D,S. gun/ammunition solution for this 20/30 t Е 22 OF ne 
be undertaken by / n. 5 з 20 on tank should 
| Т iis LE, 1 includinr the Oo b Р : 
ments to reduce trunnion loads and th зөнч үргэн ОГ шавате асарт 
combustible-ca se a ፡ and 35 possibility of rammable fixed- 
3,2 дш lon to facilitate automatic loading, 
242.1 Conventio 
fre. tlonnl Attack 
Ta in front ጊ де кез а Le 
8 ^ k я ጉግ у " 
protection "ill be provided апаїпз® Miser. | T 5 high degree of crew 
rounds b Ly T ic energy or chemical | 
5 by widely-spaced armour, | Skirtin Int 111 PTEN 
pou and for frontal attack, the dicte т ы Ъ сър ХЭВ Rb 
about 40 mms) but wi : к. зе гејашуеіу thin 
End ribbing, to ensure the еласа Ор Ву а Sombinetion of high slope 
re will be ae ‘ete rounds passing through it 
by & second o E. лан of БО + 2 we behind the rlacis followed” 
is provin- effective against all ty es г. уре ረ widely-spaced armour 
improved by using the large ао p 9 а tack and сап be further 
= partment formed between the plates to 
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carry fuel, pemittin, вале 300/400 везане 9. e to ве с 
muel fire risk problems hove been investipm tec а аге T ikely 4554 
serious if there ін no struc tural failure on d x al though impact 
failures due to hydraulic shock londs have ye to be overcome, 
2.2.2 Nuclear /її80К 

Since the direction of а nuclear attack is random, 
thicker side and roof armour is necessary без cave balanced ия 
radiation protection. In addition, ап Append прости їп 
crew protection against neutrons сап be базе y е t Na ew 
compartment with some hydrocenous пала. npe Ян my aa | pes 
with boron, Such linings are capable addi =. y of щети - the 
crew protection apninst conventional attack 85. неа ና ድ” mich of 
the back-spall fragments of penetrated armour which wold otherwise 
damage the crew compar tment. 

| 2.2.3 Тигіһег Tork 


ores d ғ 


1. Investigations to overcome hydraulic-shock | 
disruption of the armour front fuel-tank continue, Armour, or light 
alloy, castings may offer & solution. | Е Tm 

ረ. A variety of special ша terials f ог attenua tin; 
neutrons and secondary gamma radiation is be ing 2 tigated Юн. in | 
addition the capabilities of the materials against conventional sttack 
are being assessed. 

2.5 Gun-laying Svs tem ее 
Тп order to minimise the height of the vehicle, which is very 
important, particularly ав protection against anti-tank guided missiles, 
the run will be laid in elevation by tilting the vehicle on 153 suspen- 
sion system. l ЭР: 
Laying in azimuth will be restricted to an aro of about 
+ 20 degrees; this restriction is discussed in рага. 2.4. 
2.3.1 Turther Work 
2 1 special vehicle has been constructed to test the 
tiltin:-suspension metho’ of gun-laying. 
2,4 Crew and Crew Compartment 
The crew of two will sit side-by-side, the commander's 
position having all-round viewin: facilities. The gun will be loaded 
autore tically, so the second crew member will perform driver/gunner 
duties. However each crew member will have pgun-laying (and firing, 
controls and driving controls, so the crew relationship more closely 
resembles that of an aircraft pilot and co-pilot, Tt is visualised 
that the commander, on sighting a target, will take over driving control 
of the vehicle and brin. it to a halt pointing roughly at tke target, 
so that either he or the purner can then lay within the limited traverse 
anû fire, It is considered that with а suitable layout the time to 
open fire with this arrangement will not ve significantly longer than 
that for а turreted vehicle with full traverse; there із ап associated 
advantage of this limited traverse technique, namely that the thickest 
armour as well as the сып is &lweys pointed at the target. 
The problem, in the nuclear tank, of providing adequate safe 
vision from within the podded crew compartment has still to be 


evaluated, The preliminary lines of investigation sugrest some form of 
closed circuit television for scanninr (ат drivin.) under nuclear 
attack conditions with auxiliary optical cevices for gun Firing. hen 
there із no nuclear threat conventional optical devices are, of course, 
reasonably adequate, although there are other possibilities in low- 
light television, which шау ultimately enable the tank to move and fight 
both by day and night. 

241.1 Further Work 

1. 


Nen Comparative experiments to establish the time 
quire to halt and fire with limited traverse and full traverse 
уелісіза are in hand, 
сода tio : 227 .ssessment of crew vision urder nuclear attack 
ns is 1 = E e imi 
P.V.RE.D.E ir UH M early stage, largely because of the limited 
^. В. О.Е, research effort, 
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2,5 Engine and Transmission | г 
Тіс engine requirements are likely to be within the range © 
350-500 B, He P. No suitable engine with milti-fuel characteristics 
k tut the approach to this problem will be to evolve ап engine 


exists | 
based on that of the ibin Battle Tank, using preferably the same bore 
‘and stroke but 8 smiller number of cylinders. Similarly, Че semi- 


tomatic transmission of the Kain Battle Taak could be adapted to these 


lighter desipns. Р 
2,5,1 Further Work 
Тва first stage, a very compact engine compartment 
has been schemed in wooden mock-up form; further work will follow from 
examination of this. 
2,6 heels аз a Substitute for Tracks | 
This is not an casy substitution and it is probable that early 
Contentious designs will be of tracked vehicles; however the wheeled 
solution visualised - six 5 fect diameter wheels, all driven, with 
differential (tank-type) steering - has the important advantage that it 
will considerably increase the vehicle's opernting range. Vork is 
proceeding on the design of vhecla without pneumatic tyres (because of 
their vulnerability) but with resilience between the rim and hub; these 
wheels 7111 also be fitted with automatically retractable spuds for 
increased traction on soft ground, 
There are some advantages in multi-wheel drive systems if the 
wheels are each independently driven, e.g, freedom from "wind-up" and 
a scheme for hydraulic drive of all wheels is being investigated, 
2,6,4 Turther York 
1, 1 20 ton wheeled test vehicle with skid steering 
has been built to test the cross-country capabilities of any future 
design of wheels, and also for experience of slid 5166523357 applied to 
wheels. 
2. А hydraulic drive for the wheels of this vehicle 
will be developed, 
2.7 Air Transportability and Air Dropping 
Аз 1% із felt that the value of these small vehicles will be 
increased if they can be made air transportable and - particularly - 
air dropnable a progromme of work with simulated test hulls up to 
40,000 lb, weight is being un:ertaken (in conjunction with R. Е.) 
from "Beverley" aircraft, То minimise the dropping platform weight the 
vehicle hull has been used as the basic platform and the air bags and 
skid boards have been attached directly to this. 
Ms fal Turther ork 
The air dropping programme will continue. 


CONCLUSIONS 

113 186 а considerable amount of work remains to be done on this 
Project, the concept, if successful, suggests the unusual possibility 
of an armoured fighting force which can rapidly be assembled at any 
Global point, which сап be self-sufficient for relatively long periods 
and which can continue to be supplied as necessary by additional 
air dropping. 
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Propoced Contentious Fire Contr у 


1. INTRODUCTION Жы 
| 1 18 т Р,Г,5, Toun 
4, The fire control system, based on firing ап А, : 
Ms anti-tank role, has been selected to combine tho highest mitad 
with the shortest possible time to engage; іп both these aspecta the 
proposed system should represent a major advance in tank gunnery. 


1.2. Whilst the ranging equipment may appear complex it will permit 
exceptionally low times - around 2 to 3 seconds - for the first | 
engagement at long range and the overall complexity is almost certainly 
less than that of the equivalent G.W. system. Further - and this is an 
important ancillary feature ~ up to aboet 1000 yards range, А.Р.О.ы. is 
independent of any ranging requirements and сап be fired accurately 
with only а fixed aiming dot, 


г, THE BASIS OF THE SYSTEM 
2,1. The system is nade up of the following main features:- 


(i) The gun is laid coarsely in azimuth by traversing the 
Whole vehicle on its tracks; for fine lay, either 
limited turret movement will be provided, or a fine 
traversing motion to the tracks will be used, 


(ii) Lay in elevation by tilting the whole vehicle hull 
upon its suspension, 


(iii) Ranging by means of а pulsed light system which will 
automatically apply the correct T.E. after the 
Gunner has laid his sight on target, 


) Automatic loading of the gun. 


— ай 


(у 


Driving, gan-laying and firing controls duplicated 
во that the Commander may instantaneously take over 
control to lay and, if desired, to fire, 


2. POTENTIAL ADVANTAGES ОР THE SYSTEM 
3.1. For offenser- 


(a) First round away two seconds after laying the sight on 
oe This time will include ranging by pulsed 
Eua. 


(b) Capable of attacking and hitting at least twelve targeis 
in sixty seconds with the targets at random ranges up to 
2000 yards, 


3.2. For dofence:- 


The fact that the gan is laid in azimuth by traversing 
the Whole vehicle means that the heaviest armour will 
always be facing the target under attack, 

3.3. Mechanical; 


(а) Тһе absence of vertical brocch movement enables a reduced 
turret headroom as compared with the conventional tank 
and ensures the least possible silhouette and due to the 
minimised armour envelope, a lower weight. 


>. (b) Тһе automatic 10841 j : 
" ng system is simplified by 
gun/ vehicle relative movements, - нё ይር 


ә 4% 


Е liminated во th 

+ linkage eto, are е 1 | 

(c) Errors due to sigh linkage: iia | the 
Ч 115816 reflector sight is simplified 

of а muss he ህ 


h TILTING VEHICLE 
L] መቋ 


i rement 
General Arrange 


; sneiple for the T + Е 
The bcm eis wr 025 the only loads involved in tilting 
ension shal a በድን 4 om 


] ‚о establish the 
keiten due to friction in the 8፻559.፡ in orie E has been built 
aro those eve "i Pola of thie nabite а 598) ገኛ. ማርን ላክ 
ያ ЗЕ i хэ ension movements are obtained hydraulica г: 
in which the > the ከ6630 principle adopted and Fig. 2 shows phovo- 
Fig.l ye АЛ ЕБ аЗ б. Althourh а hydraulic system was сровеп 
poe oe іше in the prototype, clearly an electrically powered 


arrangement could 56 equally satisfactory. 
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1.2,  Silhcusiic 

since the gun moves only in traverse (being laid in elevation 
by tilting the vehicle) there is no movement of the breech relative to 
the roof of the vehicle. This permits the overall height of the hull 
to be reduced to the lowest possible level compatible with other needs, 
so saving weight and presenting the smallest possible target. 


1.3, Fixed Sighting 
The gunner's sinple sight may be solidly built into the front 
wall of the turret, This eliminates linkage errors, 


Lets Autonatic Loading 


Imi. 2 


| Ihe gun breech remains stationary with respect to the tur.ot 
thus sinplifying the problem of automatic loading from the turret, 
Automatic loading from the hell is eased because the breech can be made 
to lie near the centre of rotation of the turret and the loader can be 


በ E i ce A - ጋ ብ 
1881гпе4 to аспа та Та j 
pace feed O ане pt 20 of misalignment in traverse as long as there is 
no displacement in elevation, | 
Ме 
T ы 14 Ён. ተሞ "д 

+. አከ ክን 3 у for Puleed Light Development 

TT ከ. ፌዴ መመ“! 

T I l ga 1 ЭГЧ ag f veh 1 m 1 fa 1 am д i 

а ре “ПАС ЛО 16208 itself чо the use А : 
sangefinding (see Annex fo» т Dk use от 291894 Light 


сорт: Lond 
REI = ent status), 


gun (вау 20 minutes of ата) 1 В small movement of the 
à АЙЮ DI ага 18 гайг ጉ - Sl + 
Plate. The sight and the E әу Mounting it upon a flexure 
በ ЕЕ 55 ی‎ ው ا الا‎ Жак g EM = | ። ሙ. Е 
unted solidly од to the wall 41:8 of the pulsed light В.Р. are 
onsienily aligned with one another, Meret 80 that they remain 
: | р ተይ ጋ "n Bn | 14! ЭТТ à ача Е e ІЗ р 
the sight the apti TE ST. Thus two Bocond c 
== + ы 3 E bÛ Y y DT N a == 5 ГЭ 1 
the ርን Зүйл ion of the Rangefinder applies the пе | 
ats | Е LIE еліп Шал 15 2 Ға», ME in "ЕСЕ ! rea T j 
ір to 2000 yard Y be fired at once correctly laig pos ...: to 
2000 yards, ‘rectly laid for any range | 
1.6, 51114 abil = 
መመ መመ መዲ for Develonne ^ 
— MÓ——MÀ 40 ant о: Е Г ма ገ 
E а ы а „лл 63 Refle 2 Fo- 
iua to Ti 31.5 ра መመመ иа መ - г. естог Sich 
the turret (> "БӨ аЪвеное of relativa novenent 0 clght 
essential f “УН атан of а misala ibe between the fun and 
wf j ን t1 c 5. | г 6: act ፡ Г 3 Ч 4 
: шз. ugn precision in any future е е Blgut, which нау be 
2 ІШЕ) TRAVERSE SOM, is simplified, 
2.1, The adopt 
Jption 


of limited + 
— Gni er = " 
іліп іп highly А n ud an aut 
UO Only as іп те. хчв1гар16 4 x 8 system 1 
vehic] d == ው Proposed fap ua іп а small vehicle havi 27-19 Бе 
ен it ig essential 4. vontentioug! овие aving а crew of 
either side of p... .... 2 "thermore, 4 
effootiss 34. Роге ang ft 4 the traverse to a a. іп а tilting 
іп laying the ^ order that the tilti 5 stall angle 
eu = LITE action 
а пау be 


дені m advant зев 
18 particularly 


used. 


Taverne Carries with 


he vehic 
matic loadin 


it a nunber of 
le is concerned and 


OP T 


Prolininary trials have boen made using Conturion as а tont vohicle 
and this has shown 134410 difference between traverse by turret 
alone and traverso of the completo vehicle with 20° turret movement 
right and left of the centre line available. Considerable further 
work on this will be necessary before the full operational 


implications сап be evaluated. 


CONCLUSIONS 
6,1. The system outlined is in an early etago of development and 
hand on tho various 


a considerable development programmo ів in ! 
features, It nevertheless holds promise of providing а system with а 
high probability of first and subsequent rounds hitting, 8 very short 
timo to fire tho first round and rapid fire after this, Purthernore, 
it is д system which can be opernted very adequately by one пап, and 


is readily adapted to use by either crow посфег. 
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CHRISTIE ROAD SPRING 
== 
ASSEMBLY gm 


TORSION BAR TWISTED 


SPRING ASSEMBLY MOVES TO RELIEVE LOAD 
AS A WHOLE FOR TILTING WHEN TILTING 
| & THEREFORE ONLY / | 
FRICTIONAL FORCES TO ВЕ / | | 
OF VEH 
OVERCOME / в. ын 
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The F.V.R.D.É. Single Pulse Optical Ran efinder for AFV 


Тһе F.V.R.D.E. Optical Pulse Rangefinder is T е 
system using а pulse of radiation in the visiblo and noar v : О 
parts of the electromagnetics spectrum instead of а pulso of er Т 
radio waves. Іп this way, the high angular disorimination er ወ 
with optical systems is combined with the rapid response possible wi 


a radar systen. 


In conjunction with a positional servo for control of the gun in 
elevation, the range of a target can be obtained ard the appropriato 
tangent elevation applied in а tine of less than 2 seconds - much 
faster than with any other type of rangefinder. 

Thus, used with high velocity ammunition, when no correction is 
required for the effect of wind, a target can be engaged with a high 
probability of a first round hit in minimum time, 


One of the principal problems in this type of rangefinder is to 
obtain a spark source of restricted size and adequate brightness; a 
considerable programme of work on this problem at F.V.R.D.E. is now 
nearing a satisfactory completion. 


fron knowledge of the spark performance it is possible to make 
theoretical estimates of the performance of an optical pulse range- 
finder, although this must necessarily be expressed as a funetion of 
atmospheric conditions, A typical estimated performance, for three 
types of atmospheric condition® is shown in Figure 4; this assumes 
а single pulse optical system, with а 15" transmitting mirror and a 
6" receiving lens, supporting practical work has shown that reliable 
Single pulse ranging is achievable for S/N ratios exceeding five, 
The curves suffice to show that ranges approaching 2000 metres are 
achievable under most conditions; іп interpreting the curves 1% must 
be observed that target identification is itself a function of 
и S оте qualifying consideration 
limitations particularly when weighed avainet the 1017 {ен ргаофісві 
rapid time into action hich only int peu хэв arvraondinarily 
with the sbove values is now шиг ас Ян рет. аа equ pent 
ል пег construction for testing in a 
vonqueror, 


A prototype optical pulse rangefinder with less suitable - but 
mere readily availsble - optios has been in operation at F,V.R.D.E. 
T exse chu. time, and whilst the optical linitations prevent 
: ты ач1тс& performance of Figure 2. being achieved 14 has provided 
ነ Бе convincing check on the theoretical calculations, as shown 
Ke cee The rangefinder has in fact beon used to пеавиге all 
S Ма ables entering into the 8/ሸ ratio, the receiver being 
ployed as а telephotometer and tho S/N ratio being monitored 
ап oscilloscope, Bà ш. 

№. 


Ж В is the apparent tar : 
B Уре get brightness in lamberts and 4 
dependent upon the level of daylight illumination, The 


18 а meesure of almospheric attenuation, 
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The Proposed Armour Configuration for Contentious 


1. INTRODUCTION 
1.1, The widely spaced armour incorporating a fuel compartment ahead 
of the crew should, on present indications, provide complete crew 
immunity to frontal attack fron any type of round from a tank gun (i.o. 
up to 120 mm. K.E., HESH or HEAT), although an anti-tank G.W. with a 
sufficiently large warhead could undoubtedly bo designed to defeat 
this armour, 
1.2, Тһе side armour consisting of the hull structure with skirting 
plates together with the polythene crew compartment lining for nuclear 
protection (see Appendix 3) will provide a good protection against 
arnour-plercing projectiles. Moreover the polythene will eliminate back 
spall from the armour and will reduce the normal conical zone of 
lethality substantially to linear dimensions; this effect will also 
be particularly important during hollow-charge attacks, 


2, FRONTAL ARMOUR 


2.1. The frontal armour consists essentially of a ribbed steel glacis 
plate at 60° with a second plate approximately 4 ft. to the rear, The 
addition of side, bottom, and top plates completes the fuel compartment 


and this is shown diagrammatically in Figure 1. Protection is rrovided 
ав lollows:- 


(i) ‘The ribbed armour front ensures that kinetic energy rounds 
are either completely stopped or are broken up, in which 
саве no penetration of the rear plate will occur. 


(ii) ‘The ribbed armour front is also immune to Squash-head 
attack up to 120 nm. calibre, 


(iii) но combinetion of armour and fuel will provide complete 
protection against hollow charge up to about 25" 
penetration (i. o. T" (front plate) + 16" (equivalent of 
фи) 2 2 ge plate). This means that only the large 
га На Wi 11 warhead has any chance 7 1 
the crew compartment, й d дари с 


n: see have been nade on ribbed plate 
à 5 illustrated the dimensions of the lat 1 
iens atest version, Thi 

been shown to prevent penetration of solid shot fired fron i ша, 

" ና aoe Tange. There seems no doubt that 
е provided against 20 ^ | 
4518 have іп any event shown that no known kinetic шигээ аг 

а Spaced Plate even if the first rib plate 

ul аах in passing through it is broke “1 

во far With steel plates show that АРСВС or APDS гоо ис пр та 


| of attack is 559-600 to 
prosonoo Of fuel provides additional protection against 


8 Of various types and at 


normal a The 


2.3. Trials with HES 
| Н rounds в | | 
high degree of protection, mies show that the ribbed Plate provides a 
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shown наф the protection provided by a шлан: 

It has peen penetration is very approximately proportio, 
w-charge ‘+в density in relation to steel, Thug fo al 

3 ath length corresponds to 1" of steel, Tix 
fuel 8፻፻ኛ95 anting s | pibbed front plate at 60° and therefore 
fuel Жоп 0008189398 gth ይ" followed by 4 45 of fuel and a 40, 
fuel amate path e tration path length of 21", "e 


ene 

ate gives & Е T Қы НЕАТ and would requize а lar 

aUos cux nig URP i | ge 048, 
defeat it» 


The fire risk 88800 
j estigatod very fully аг r 
sudes 155). The conclus: 
risk arising fuel vapour exp 
risk aris Ps d Da per Ба 


dated with arnoured fuel tanks hag Бан 
d 18 reported in Appendix 6 (F.V.R.D.g 
па are that there is no interna] 
losions but that а fire on the 
occur although such а fire is rog. 


round outsi ne 4 5661 fuel. Later trials not yet reportei" 
grot ur with diese . eported 
unlikel; осеш. see Fig. 5) chow that a petrol 


hicle mock ups | 
o puncturing of the fuel compartment 


ата to the crew. 


conplete те 
outside the V 


fire 
jous һа? 


is not a Ser 


3,1. The need for nuclear protection has been outlined in Appendix 
3 and this means that several inches of polythene must be provided 
to line the hull, Trials with hollow-charge warheads, so far small 
ones, show that the polythene is very successful in catching the 
pack spall fron the armour and thus reducing the lethal area from the 
48451 cone to a single line, Thus with the skirting plate giving 
good standoff a higher than usual degree of protection is provided 
against hollow charge and this 18 also true of А.Р. rounds. | 


- CONCLUSIONS AND FUTURE WORK 
22 ИГ MU ipm me | 


het. Те armour combination proposed will provide a better 

protection against all forms of attack than is given by any | 
conventional arrangenent at present schemed at a very much reduced | 
weight, This has been proved by trial but much remains to be done | 
to inprove the scheme still further, | 


нэ as SACRE problens are to ensure that protection | 
that the fuel i given for the gr atest possible time of action an | 
nore sophisticated 25 а is mininised, Figure 4 shows 5 | 
hoped will meet +h ERAGE than во far adopted which it is : | | 
rear of the vhi eru. It is proposed that fuel tanks at ine | 
be conpartmonted. е will be provided and that the front tank will | 
fron the inner е The normal fuel for vehicle running will be hor | | 
ihe large front An compartment and the rear compartment. Finally — | 

this is done the vis eR be used to give additional range. ПП | 

energy ог squash-h + protection wiil be reduced vut the kinetit |, 

000078, the space 1884. protection will be unimpaired. If penetrati” 

plastic to seal + behind the front glacis will be filled with fo 
enabli 2. ‘he hole, This scheme has the addivional merit 9 
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The Case for the Nuclear Protection of Armoured Fighting Vehicles. 


INTRODUCTION 
i 
1 It is now well ші ihai the conventional medium tank пари 
ЦЭ protection against the blast and ле, a ошіс 
bomb 1 + does against the nuclear radiation, urine 
ана of а through steel 18 considerably greater than that 
27 መበል radiation and consequently presents the more severe hazard, 


1.2, Іп the design of а completely new tank the setis dieci TT 
nuclear radiation can be improved ав compared with Сабу сони 2% 8, 
This however implies some penalty which increases sedis s Ер 21, 
protection is itself inoreased. The important MOSEA о be десі 

what is the minimum shielding that is worthwhile’ 

1 1,3, This note considers only the overall weapon effects and does not 
take account of the important secondary effects (flash blindness, crossing 
contaminated ground, ete) which mst be met in any 'radiological' tank, 
hut which are а less severe design case. 

2, THE BASIS FOR SHIELDING 

241. A tank on the nuclear battlefiold may be attacked by two broad 

categorics of tactical wocpon. There is firstly tho area damago bomb 

or Shell whose yield is in tho kiloton range and secondly the fractional 

у1614 weapon used in the anti-tank role. 


2,2, Attack by the kiloton warhead 
2.2.1. For warheads in the kiloton range, the effects of nuclear 
radiation cover a wide area and if the tenk kills per werhead are to 
be kept small the vehioles must operate very widely dispersed which 
пау be a serious disadvantage from the viewpoint of conventional 
warfarc, Any improvement in the shielding against nuclear radiation 
up to a level when the blast and radiation risks are balanced, will 
enable a greater safe concentration of vehicles, This is illustrated 
in Figure 1 which shows the comparative areas of kill associated 
with certain specified warheads for a conventional vehicle and a 
radiological one having an overall attenuation of 20:1. The distance 
2 Which tanks must operate to avoid these dose rates is also 
shown, 


0.3. Attack by Fractional Yield Anti-isnk Warheads. 


Seda le Tas main merit of the anti-tank nuclear warhead is that a 
` certain Kill is possible by a near miss, This reduces the acouracy 
requirements of the delivery system, However,as is also shown оп 


т 
2 ! a the lethal rango is significantly reduced by the 

: reased shielding and this makos the attack corr di ге 
ШЫ ш, аск correspondingly more 


2.4. Offensive Firing of Atomic Warhead 
— ее чошец. 


е... ТР the tank itsolf is capable of firing an atomic G.W. or 
shell, then the crew will be subject to radiation from the explosion 
Which, in relation to the yield of the warhead and tha inherent 
Le of the vehicle itself, will sot the minimum range from 
ЕЕ target nay safely be attacked, Clearly any gain in the latter 
2 срина the flexibility of the weapon system either by virtue 

е actual minimum range ог by tho frequency with which attacks 


2% а somewhat greatc 
eater range can be made without j P 
1 exceed safet 
levels of dosage, E ш : 


ЗЕСВЕТ 


8) 21911128 


[NG 
е ohioles against nuclear attack ig itself አ, 
22 oe 18 made even more во as there іп по врос{е 
stable pro if achieved, 18 satinfactory, The elec 


intrac ich | 
level of protection wh '"atounio weapon is approached, the 
| greater ia 


the point 0 
the protect à i 
| tection against the nuclear effects Clos 
3.2. То provide pro a groat thickness of composita мын 


bly means 
‘nt of burst inevita gs Эн 
ini ihe resulting vehicle will be unwieldy and heavy. The present 


| i future main battle tarn . 
| ТҮНГЕ is rather that the | ank sho | 
thiniiag ln highly mobile, capable of log periods of operation M 
с support amd provided with the maximum Shielding 
requirements. 


work has accordingly been initiated with the 
Atomic Energy Research Establishment at Harwell who have carried 
theoretical shielding calculations. This work is the subject of а 
separate report to be presented during discussions with nuclear 
specialists in the U.S.A. This has led to the preliminary conclusion 
that a composite armour of some 6'-8" thick should give an overall 
attenuation ratio of 20:1 which is considered to be а reasonable Зар 4 
for Contentious, However, the calculations are very tentative in ur 
absence of field trials snd it is hoped that it will be possible for 


these to be undertaken at Oak Ridge as specified іп the next paper, 


3, NED 


а small 
without 1081814 
consistent with these 


3.5. А programme of 


5. CONCLUSIONS 

181. Preliminary work suggests that a 20 Ton fighting vehicle with a 
crew of two in а podded compartment and having a conventional | 
performance better than conventional battle tanks,can be given | 

a nucl 
radiation protection represented by an attenuation ratio of about iuis 
This would appear to have a well worth while tactical advantage over the 
conventional vehicle with only ballistic protection, 


1,2. It is considered extrenely i ( 
| nsi | y important to carry out further 
theoretical and field work to establish with жы accuracy ihe 


probable degree of | 
dum. стее 01 protection to be achieved by the proposed composite 
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PROJECT PRODIGAL — AIR TRANSPORT OF ፎር) TON FIGHTING VEHICLE 


Notes of Trogress of Investigation tc September 1959. 


INTRODUCTION 
imi tarted in 
‚1. Іп November 1956 a preliminary investigation was 51 | 
асна with the Royal Aircraft Establishment, Mechanical Engineering 
Dept,, to determine whether а 20 Ton fighting vehicle could be carried in 


ley or Beverley replacement aircraft and dropped by parachute. 
the Beverley y in that it was proposed to dispense with the 


The proposal was unorthodox 
Ei መመመ platform and to rely on the inherent strength and rigidity 
of the armoured hull to withstand the 10:48 imposed by the landing shock 


absorption gear and in this way, save both on weight &nd expense, 
F thermore, no vehicle of this weight and density had ever been dropped 
from the air, nor, as far ав is known, even carried in an aeroplane, 


4,2, The preliminary work showed that there was a very real promise of 
success and а research project was accordingly initiated on 18th July 1951! 
with the objective cf developing the means and the technique for dropping 
tracked vehicles up to 20 Tons in weight, 


1,3, It was agreed at the outset that the prime objective was to prove 

he practicability of the proposal rather than to attempt to develop 
sophisticated service dropping equipment and that techniques already known 
to be satisfactory for supply dropping platforms should be adopted and 
modified as necessary. Іп addition, due to the very different configuration 
of а tank as compared with the normal load, it would be necessary to use 8 
test load of approximately the dimensions, centre of gravity and moment of 
inertia envisaged for the ultimate vehicle and a dummy vehicle was schemed 
on the basis shown in Fig.1. 


Tele The combined R.A.E. /P. V, R.D.E. programme has indicated that it is 

now possible to drop armoured fighting vehicles weighing up to 30-35000 lb. 
from suitable tail loading aircraft by parachute without the use of either 

Е rollor conveyor or supply-drop platform, This gives a significant 
reduction in air drop weight and reduces the height increase due to platform 
and conveycr. Work continues towards higher loads, | 


VEHICLE CONSIDERATIONS. 


2 ዒ 
eels Іп order that the vehicle would be extracted from the aeroplane and 


landed safely, it + ነ i Е 
Е У; it was decided that the following design conditions should 


(a) It is vital that the load shall be pulled quickly and clearly 
from the aircraft by the extractor parachute and it is not 
safe to roll it out on its own running gear as the internal 
rolling resistance of the running gear would be too high, 


(b) On lending, the most vulnerable part of the vehicle is the 
PRIME Bear and partioularly the track which might well be 
removed if the vehicle landed Sideways due to wind condition. 


2,2, It was accordin 
ነ + gly decided that in actual vehicle дрот (not yet 
зш Т suspension Should be locked and that beans ፡ M 
15:13 то d the tracks and braced to the vehicle hull во that all landing 
the csi ር... direct to the hull. For extraction, the floor of 
Pasig ck and track beams are greased and usedaa slides - laboratory 
818 showed this to be feasible, 
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FLIGHT TESTS MADE 


Satisfactory dropping trials with the orthodox type of dropping 


5.1. region of 28000 lb. and it wae 
| had been made at weights in the regica of 20000 10, 
p 1404 to start the current programme with tho ‘vehicle 


acoordingly deo 


1044! at в similar weight end work up in stages of about 3000 lb. until 


Pu. t dropping weight had been achieved. Seven flight teste 
ое и, св was 25 an nll up woight of about 27000 
lb. and the last опо во far at approximate], “000 lb, LDotsils of ቲከ086 
tosts aro given in Tablo 1 attached, 

5,2, The extraction of the load from the aircraft was satisfactory in 
all cases and the coefficiont cf friction botwoon the hull and the floor 
agreed well with tho figures achieved during ground tosts, The main 
parachute system was not ontirely satisfactory and modifications wora 
made botween oach trial. Evon with only 5 parachutes oporating (and ono 
not fully) howover, tho touch down velocity at 30000 lb. was only 35 ft/acoc. 
and as far ав сап be dotorminod at this timo, thi® in conjunction with tho 
sir-bag landing goar used, would have been porfoctly satisfactory in an 


operational vehicle, 

5.3. Іп tho first two drops the acoolorcmotors fitted to the vehiclo 
hull failed to oporsto and no record of deceleration was obtained, In tho 
third and subscquont drops R.A.E.(GW) Dept. fitted %сіспейгу oquipmont 

and this oporastod most successfully. Tho information from this is 
summarizod typically in Fig 3 from which it will bo soon that tho 
accolorations oxperionced ero not dissimilar from those which can bo 
encountered on tho worst cross-country conditions, 


5.4. Photographs of the load ontoring the aircraft and during oxtraction 
are givon at Fig and scq, 


5.2. іп tho 6th drop thc dummy was fittod with спгіпс, gcar box and 
typical radio sot.  Thoso sufforod no damage, 


CONCLUSIONS, 


6.1. Tho flight tests mado во far indicate that it is foasiblo to drop 
ermoured fighting vehicles woighing up to 30-35000 19, from suitablo tail 
loading aircraft by parachute without tho uso of cithor а roller conveyor 
of supply drop platform, This gives a significant reduction in air drop 
2. reduces tho hcight incroaso duo to platform and convcyor. 

усгу Гсавоп to a n4 : : 
ар to 40-45000 1b. will bo achioveds о 42710240 aim of dropping vobiclos 


6.2 The work so far 1 i : 

' eo ІЗІ 18 aimed at ost:;:ishinz tho foasibilit+ Ч 
proposal апа 4008 nc Вер es asibility of tho 
ШИЛЭН ot prctond to rivo a sophisticated operational dropping 
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1 main parachute failed, 
(Мо damage to hull on landing 


— SS чь шыш шшш шыны Ози وھ‎ ЯНЫЙ س‎ 
рч 


2 parachutes failed; 1 only 
partially inflated, № 
damage to hull on landing 


|422 parachutes operated 
available satisfactorily. Load landed 
in wood but was undamaged 


Main parachutes did not open 
due to failure of transfer 
system Па] badly damaged 


box and radio. Vehicle lande 
lwithout damage to itself or 
equipment. 
ፍር: ርና 
Gucoessful extraction and 
descent; one parachute lost. 
Таны landed with some 


ше fitted with engine, gear | 


2 parachutes failed, № damage 
to hull on landing. No 
auxiliaries 1 fitted іп. in hull 
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ABSTRACT: 
-tank ammunition, and spark ignition 


using representative anti 1 н 
% олон A ን out against DERV, AVTAG and petrol contained in 
е ፤ 


à fuel tanks over а range of temperatures chosen to give the greatest 
bea ot ignition and explosion of the fuel vapour. 


. 2: al Ч | uced explosions no serious 
| ka through the fuel vapour produce | 
РА К іа produced did not excoed about 100 1Ъ/за. іп, алда 
гаг 26160 damage was sustsined by the armoured fuel tanks, Attacks through 

1 iod against the more volatile fuels caused fires outside the tanks, which 


were sustained by leaking fuel. 
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Appendix - Theoretical fuel vapour explosion 
pressure, 


Figures 1-5 - Photographs of fuel tank targets, 
n 6-8 - 


ec i : : 
-pecimen explosion pressure records, 
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PART 1 


SUMMARY OF TRIALS AND CONCLUSIONS 
aee Č 


INTRODUCTION: қ 

әп interna 

10818 v tho fire and explorion risk when i | 

1.1 This report durs s in armoured containers are &ttackod by various 
combustion eng ctiles. Little information is available from previous 
о of armoured fuel tanks, although there are а 


T ur 
UNS 22 Tope tacking with attacks against light gauge fuel tanks 
n 


placed behind armour protection. 


11511 m attacks against armoured fuel containers is 
t dar Firstly there is the danger of an explosion 
LA the tank due to the entry of hot fragments of the projectile 
uid spall from the armour. This will be liable to occur when the 
temperature conditions associated with the particular fuel m цве have 
produced an explosive mixture in the space above the fuel. Secondly 
there is the possibility that fuel will be врі1% by the attack and 
ignited by any hot fragments left outside the tanks The programme 
of work was primarily aimed at establishing the dangers associated 
with the first of these hazards, although incidentally much valuable 
information was also gained on the second, 


1.2 


2, SCOPE OF TRIALS: 


2.1 The prime factors influencing the formation of an explosive vapour above 
the fuel are the temperature and vapour pressure of the fuel. ‘Thus 
for convenience the majority of tests were made with AVTAG, which forms 
an explosive vapour in the normal ambient temperature range, Trials 
were also made, however, with both DERV and petrol (M.T.80) to ensure 
(bat the full range of vapour pressures likely to be encountered in 
multi-fusl vehicle operation was covered. Tests covered by this report 
have been made with armour piercing projectiles of up to 2 pounder 
calibre ani 3,5" rocket head HEAT rounds, against both small and large 
fuel tanks; it is however intended to work up eventually to 120 m.m. 
projectiles, 


3. CONCLUSIONS; 


3.1 Internal Explosion Hazard. 


2.1.1 Ав far as the internal explosion risk is concerned the trials 
һауе shown conclusively that:- 


(i) Im 8 sealed tank, the explosion can be contained and із 
rapidly self extinguishing as tho vapour/oxygen mixture 
18 consumed with any fuel, always provided that the 
Structural strength of the tank is adequate, 


(41) 1f the siructura 
initial rise of 
Graviner explosi 
attacks through 
Alternatively pu 
Prevent the expl 


l strength is iradequate, then the slow 
Prossure would permit the use of the 

on Suppression device. to deal with 

the vapeur when the tank would disrupt. 
‘ging the tank with inert gas would 
О81уе mixture forming, 


р, un 
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osent an explosive vapour hazard a 
m ips limits,  AVTAG presents the greatest hesane ‘thn 
Мен акан climates, but DERV and petrol ато equally э 

in ерөн and arctic regions respectively, ага, 


314583 pressure rise due to а 
sio хэрээс MERE corroct mixturo streng MEUM 
diac pacem is about 15 times the initia] Pressure ің 
ihe fuel tank, which Ғог ground level conditions implieg 4 
AS tank pressure of just over 200 198/ ва» іп, This 4 
поуог achieved іп practice as dissociation, heat losses and 
any variation in mixture strength either overall or locally 
will affect the explosion efficiency. This was borne out ің 
trials when the maximum pressure госогАва was about 100 lbs/ 


ВО, in, 


Therefore it is concluded that, whilst sheet meta] የ 
tanks will probably disrupt under such pressures, no 
difficulty is likely to be experienced in producing armoured 
fucl tanks, which vill withstand these explosions, 


ца] 


ጮ 


3.1.4 Тһе pressures produced by the entry of typical small (Infantry) 
hollow-charge jets into the fuel vapour space are of the same 
order as those produced by fuel vapour explosions and do not 
exceed about 160 1bs/ ва. in, Clearly sheet metal tanks would 
disrupt with a serious fire risk and the two methods outlined 
in 5.1.1 would have no effect, However, the trial has shown 
ihat even 5/16" mild steel plate of the sizes used is well able 
to withstand the pressure generated. 


3.2 External Fire Risk. 


2.2.1 The external fire hazard is more serious with the volatile 
fuels than with DERV, In no case was a sustained external 
fire experienced with DERV although under tropical conditions 
it is probable that this would occur, The preliminary 
conclusions to be drawn are:- 


(i) If the fuel leaks to the outside of the vehicle it may be 
possible to drive away from the fire before injury to 


the crew occurs unless the vehicle has been immobilised 
by the attack, 


(ii) If the fuel leaks into Other compartments of the 
vehicle, then consideration is required as to whether 
ire extinguishing means сап be employed. 


3.2.2 а fire hazard is greatest when the projectile 
elow t | : ۱ ы 
leakage of 9 fuel level as this pernits the continuous 


fuel to sustas ES 118 
below the hole, ain the fire until the level Ға 


5.5 Risks due to 5 


Which could хэй um any useful amount of bromine pentaflucride 
and explosicm pice ained in anti-tank ammunition, the fire 

Would seem Ч Fisk is small for ар armoured fuel tank. 1% | 
j ав аре that а similar H.E. content would be 
Parts of the Е Would also be useful against other 


-2- 
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PART II 
DETAILS OF TEST PROCEDURE AND DISCUSSION ОР RESULTS. 
DETAILS OF TEST PROCEDURE AND Di 


PREVIOUS MORK: 


4.1 Trials in the 


he 


United States of America on the ignition of DERV and 
petrol by armour piercing and statically detonated hollow-charge 


ТАТ) projectiles are described in references 1 to 4. Іп every 
зөн t e set-up was similar to в vehicle fuel tank installation 


cage t si | 
with the fuel in thin (approximately 16 6.7.0.) cans placed in а 
large compartment behind armour plate, Іп most instances the trial 


was designed to test prototype ammunition, rather than to 
investigate the ignition properties of the fuel and container 
arrangement, General conclusions drawn from these tests аге ав 


follows:- 
Ти 


(1) Increasing the material of the fuel tank from 16 8..0. to 4 
reduced the probability of ignition. This appears to have been 
because the damage to the tank and therefore the spillage and 
dispersion of the fuel vas reduced. 


(11) Ignition of DERV occurred more readily in summer than in winter 
conditions; the transition temperaturo, above which consistent 


ignition took place, was about 90°F, 


(iii) Attacks below the fuel level gave greater chances of ignition; 
probably because these produced greater damage to the tanks, 


(iv) Attacks against petrol, which were carried out at ambicrt 
temperatures of 53°F and below caused ignition of the fuel in 
all сазев, 


(v) In all tests the fires were external to the tank and it was 
сов say to what extent internal explosion 
contributed to disruption of the tank as compared with 
hydredynamic effects, 4 


ኙ e ug in this country have generally been incidental to 
511 ር trials, such ав those on Churchill (reference 5). 
drums cont ; мены nry ammunition attack against standard oil 

ntaining petrol are described in reference 6, but in neither 


talik ео 0 181008 of any great relevance to the armoured fuel 


5. ZEST PROCEDURE: 


5.1 Fuel Tank Targets, 


= | 5. 45 1 V. 1 А 
а ን a armoured fuel container were attacked, 
пра E SER 65611 scale models up to the largest tank likely 
ea in an armoured fighting vehicle, Details of all 


tanks together w | 
белл 2 Г with the fuel used in them are given in 


2.2 Fuels, 
Da d 1 The 1 : 
Tisk of fire and explosión is largely influenced by the vapour 


reg , 5 
4. ве being used and the three fuels chosen 
225 Tange likely to be used in vehicles, Тһе 


4 - 3 - 


5.3.1 


5.3.2 


9.2.5 


114! ከ9 ያህ9138 could be 8 
impe ге ranges within which t zpeoted 
рн homogeneous flammable vapour mixtures at atmos қ. 
pressure are givon in Table 1. Рһеті 


TABLE I. 


ний 


Ignition Properties of Fuels Tested. 


Flammability Range 


deak Limit | Rich Limit 


Fetrol 
(мт.80) 


4 ИГТАС 
DERV 


Outside these ranges local weak or rich concentrations or 
mist conditions may occur in the vapour, particularly if 
external conditions are not steady, but in general it may be 
said that AVTAG is the fuel most likely to present an explosion 
risk in temperate climates. Petrol and DERV may be dangerous 
in Arctic and tropical regions respectively, Having shown 
experimentally that, given the correct conditions, explosions 
could be produced with both DERV and petrol, it was ӛзсідей 
to carry out all subsequent trials with AVTAG to obviate the 
necessity of heating or cooling the fuel to produce an 
explosive vapour, 


5,5 Method of Attack, 


Details of the various types of ammunition used to attack the 
fuel tank targets are given in table 3, these were all 
standard types except for the 30 m.m, Alien ammunition 
containing bromine pentafluoride, which had previously been 
developed for use against fuel tank rail wagons and similar 
targets. Attacks were carried out either through the fuel 

or the vapour space above it. 


Burster plates were placed in front of the targets for 
attacks with hollow-charge ammunition (Energa grenades and 
3.5" resket heads), to protect the tanks from the direct 
effects of blast and to absorb some of the energy of the je" 
in an attempt to ensure that it was arrested within the tank. 
In fact the hollow-charge jet passed straight through both the 
burster plate and target in most cases. 


Spark ignition of the fuel vapour was employed in tanks, 

С, D and E tc determine whether or not explosive mixtures 
were being formed above the fuel, and if so, what explosion 
ር ና be achieved in practice. А high intensity 
ን а Bpark-discharge unit was used to energise 

5 Sparking plug mounted in the vapour space in tho tank. А 
Bingle spark was produced wery second, and if after 

10 seconds no explosion had taken plsce, the discharge was 
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switched off and the test terminated as "no result". It was 

found that the most reliable indication that ап explosion had 

taken place was a rapid rise in tho vapour t^mpernturo, because the 
explosions were not nlways sufficiently violont to be heard at 

tho firing point. Ав а result of these spark ignition tosta 

it was found necessary to ventilate the tanks after each attack 

to remove products of combustion, and then leave the tank closed 
for about an hour beforo any subsequent attack, to allow the 

vapour to reform. 


5.4 Temperature and Pressure Measurements. 


5.4.1 Wo measurements were taken in tanks А, B and Е, the ambient 
temperature only being noted at the time of the trials. Іп 
tanks С, Dand ® the fuel and vapour temperatures were measured 
with remote reading resistance thermometers immediately before 

and during each attack. 


The pressuree produced in the vapour by explosion and the direct 
effect of entry of the projectile were measured with a cylindrical 
strain gauge pressure transducer, screwed into the side of tho 
tank and used elther with & cathode ray oscilloscope on a single | 
channel pen recorder, The pressure produced in the tank by а 
hollow-charge alcne was determined by attacking tank C, when 
it was half full of water, using Energa grenades. 


5.1.5 Owing to the risk of damaging the gauge, no pressure 
measurements were obtained during armour—plercing projectile 
attacks, or during some of the hollow-charge trials. Fires 
round the tank, which destroyed instrument cables prevented 
the measurement of temperature in a number of балан, | 


DISCUSSION: 


6.1 Spark Ignition Tests. 
Datat 


ээн 22 6.2,3) during initial trials 
ав | г мав being ignited by the projectiles 
it was decided to investigate the effects of Spark Тр tien 


of the fuel vapour and the 85 
ї ? gallon tanks ЭВЭР 
results of the tests аге given in Table |. ና ባው 


Аз there was some doubt (see рага 
whether the fuel va 


DERV. 


No explosions occurred in DERV va 


and 

e da tenperatures of 110°F апа 85° respectively (sparks 

байдагч зна Т com 206399 at and above | 
1411 zz га ст 1 4 

Dore or less іп шиг х P (sparks 3 to 6). This is 

(reference 4), which XE 


pour at or below fuel | 


| taking place, 
Due to the effects of 


accurate val Б | do not give а stri 
alue Рог the average temperatures, and furi 


6.1.3 


6.1.1 
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ihe large difference between the thermal capacities of the 
fuel and vapour, and the effects of the atmosphere (sunlight 
cooling losses etc.) prevented exact coinciaence between ' 
the two temperatures, Although some time was allowed to 
в1арве for temperatures and the vapour concentration to 
stabilise before each test, there may still have been 
considerable variations in concentration and temperature from 
point to point in the vapour. | 


The explosions were а11 contained within the tank and 
produced no structural damage other than distortion of the 
pressure disc, The maxinum measured pressure of 58 lbs. /іп. 2 
(gauge) was much lower than the theoretical valve (see | 
appendix) and the discrepancy is thought to have been largely 


due to incomplete combustion as well as dissociation, change 
in specific heat ctc, 


АМТАЙ. | 


Tests with AVTAG show а number of inconsistencies, which may | 
have been due to insufficient time being allowed for conditions | 
+0 stabilise; there was also a marked tendency for the vapour | 
to condense on the sparking plug, which may have prevented the 
passage of a spark in some cases, In later trials, sparks 17 
and above, a greater length of time was allowed between tests, 
and in the cases of sparks 35 and 36 the fuel tank was sealed 
for approximately 18 hours. Particularly anomalous cases were | 
sparks 18, which produced no result, and spark 33 whic! gave | 
a definite explosion, although the temperatures were clmost | 
identical. However, in general, no explosions occurred at 
fuel temperatures of 80% and above, which is about the same 
as the upper (rich) flammability limit (959F), whilst tho 
lowest test temperature of 12°F, was within the flammability 
range, and did in fact produce an explosion. Ав with DERV ” 
the explosions produced no structural damage, and were containe 
within the tank, although в higher pressure of 106 Toe, / in. 
was achieved, which, for reasons already stated, was не и 
considerably less than the theoretical value. pu А 3 
important to note that tho disruption of tho pressure ^ ыг 
either because it was deliberately made weak (sparks 29, 2 
and 28) or presumably because of а more violent explosion | 
| : j n tho fuel, which in 
(sparks 22, 23 and 26) resulted in fires in t ን eur 
the case of sparks 23 and 28 were self-sustaining, ЭЭ | 
extinguished. Thus any large opening in the ee Tu 
permits ready ingress of air may increase ihe poss ር 
fire; whilst in a sealed tank the initial explosion "gr 
most of the available oxygen and inhibits any further . 


retrol, 


Explosions were also obtained with petrol for both me 
tests, which were conducted at liquid temperatures W e 
the flammability range; the explosion pressures E 
and again there was no fire от structural damages b dum the 
tests at higher temperatures were not carried out bec: 
supply of "Drikold" was limited, 


B 
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develops 
petrol yapour 


pressure гё 2p 
oe ax ion pressure has taken 0» 


aguró rocords наа 

of the 

relatively 
This 


pre 
occurrence 

and the 

| simplified хн 
| 4 for spark 22} 

cord obtaine 20 d sonis 10 


th ths experience of ReAeEe ОП 


nis is in line маллаад fuel tanks which led 


t of the explosion guppression 


+o the success 
equipment by 1. 


| 6.2 Firing Tests: 
iri tests are 
| sults of all firing tes Т 
сан detailed round-by-round conditions an 
Proof and Experimental Establishment, 
| reports, reference 1. 


summarised in Table 54 | 
d comments are given in 
Shoeburyness, Trials 


Attacks against DERV 


1 £o 84 against DERV at ambient temperatures 
of approximately 36°F and 50°F no fires occurred и ek e 
longer than about |р seconds. This is to be expected as the 

fuel temperatures were well below the flammability range, | 
although there is the possibility that local temperatures in the 
inmediate vicinity of the jet in the hollow-charge attacks 

may have been much higher, Tke fact that small external fires 
occurred on wood and spun yarn on the tank, which must have 

been soaked in fuel, indicates that wick-like materials constitute 
в fire hazard. 


In the cases of shots 


at elevated temperatures, shots 85 to 98, there were no fires 
except for two lasting less than 10 seconds, when the pressure 
disc had been deliberately omitted from the tank, shots 9% and 


т the result, obtained with spark ignition of 
на ад > ire may occur if there is a large vent to 

shot 5 мыз about Нэрээ The explosion pressure measured for 
dont над or TV he ваше ав that recorded with spark 

explosion Таға “Ланк шау have been due either to a fuel vapour 
tet, rect pressure effects of the hollow-charge 


Но110) 
101109 Charge against Hater-Filled Tank 


fumes were produced 

2 | the hollow charge 
е therefore made agai | 

allons с? Water да 


Pressures Were Obtained:- ($ full), and 
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| Gauge | 
tiack ; | 


Energa grenade | Above liquid.| ТО р.8,4, [Pressure disc 

against 4" armour | Gauge below (011864, Brownish 

burster plate, liquid level.| fumes in tank, | 
| Energa grenade Above liquid.) 44 рь8.4. (Pressure disc 


against 1" armour | Gauge above 


‘bulged. Brownish | 
burster plate, liquid level. 


‘fumes in tank, 


| Energa grenade | Above liquid.! 156 р.в.1 Pressure disc | 
against 1" armour | Gauge above | jbulged, Brownish | 
burster plate. | liquid level.| [pones in tank, | 


À comparison of the measured pressures and the bulged 

pressure discs shows that coincidentally the pressures produced 
by the hollow-charge jet alone and those of а fuel vapour 
explosion are of the same order. There is however | 
insufficient evidence to show whether or not а hollow-charge 
attack ignites fuel vapour. Іп fact it is possible either 

that the passage of the jet is too rapid to allow ignition 

to take place or that the burnt gases liberated by the jet 
inhibit any combustion of the fuel vapour. This may result 
from a number of causes. For example the stabilised ex losion 
mixture will be completely altered and possibly moved out 

of the explosion range by the rapid change in temperature and 
pressure of the gases or the gases themselves may be largely 
inert. From the aspect of fuel tank strength it is 

sufficient to say that in no case was the rise in pressure in 
a tank containing fuel attacked by HEAT any greater than a 
similar attack with water in the tank, It therefore seems 
that a tank which will withstand the maximum theoretical 

fuel explosion pressure will also withstand the hollow-charge 
pressure effects. 


Figure & shows a simplified pressure record obtained from the 
third shot in the above table, It is of course impossible vo 
obtain negative gauge pressures greater than ~14.7 1bs/in 

and it is therefore concluded that the rapid fluctuations 

at the beginning of the record were due to mechanical shock 

at the gauge, produced by impact and blast from the 4 may 
explosion. The very much higher pressure produced by this shc 
have been due to the fact that the hollow-charge jet passed 
much closer to the pressure gauge than in the other е 

and consequently the measurements пау have included loca. ጃ 
pressure wave effects. It was noticeable that when agape 
measurement was taken below the water level, аз in Ms Е вд 
shot, the time taken to record haximum pressure was 2 
significantly, presumably because of inertia and hydraulic 
denping effects. 
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"i 


3 attacks, she ta 


4 ks ር ains . 
5 2 In Attacks адаалат = 6: «614.4: и i 
а and arme -ріетоіпе መ አ) арасе above patrols 
Hollow-charg' tively: through the v Y с ада 4 1447 rare? j : 
and 100 respec eratures within its £^" > ясан accompanied 
which was Ланд There was 5 И m the саве of the 
‘обасей no " ; 1 в/ in LZ adf at le 
A slight pressure гі р, projectile had по effect at al 


energa grenade, 9 
inst AVTAG. 


| vapour at temperatures wi | | 
ви ин tn hollow-charge and А.Р. green у, Е 
produced mild explosions, whic я 
| | сог 

е sea no fires. А pressure re 
VEU ар а 5.5" rocket-head hollow-charge 
‚а shown in Figure 1, from which it 18 evident that ጁማ 
е effects were solely due to the hollow gnis am dta 
We -rigon with the record for в spark-ignited Tuel expivesv™ 
ог т „a that the duration of the pressure effects in 


Figure б shor | 
ММ of hollow-charge was far shorter than that which would 


be expected from an explosion of the vapour, 


obtained for shot 


06 the other hand ір out of 5 rounds through the AVTAG fuel, 
shots 102 and 107 to 110, resulted in large external fuel fires, 
which were sustained by fuel leaking from the punctured tank, 

In the case of shots 109 and 110 the fuel inside the tank also 
burnt, but this пау have been because the plugs in several 

large holes, produced by previous 2 pr. attacks through the 
vapour space, were blown out and this allowed sufficient air to 
enter the tank to sustain the fire. Had there only been a 

single hole below the liquid surface it is doubtful whether 

an internal fire would have occurred. 


Before shot 108 h id f 

ashlee aide rs round through the liquid for which no fire 

пря ES Е the tank had been thoroughly hosed 

пече 811 Iree fuel removed during the proce 6 

1 ን BI | | ] 388 of 

መ ihe previous fira from shot 107. Also this shot 

ү des አ... 10" below the fuel level, than shots 109 

: © two conditions may have contributed to the r 1% 

Qut esu 


that there Was no fire, 


explosion, Са damage to the ханы | Safety valve and 
and а large 


in + 
fi е weakered вес де event of ап 
ге occurred, 


otherwis attack 


8. 
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Tab?*e 2. 


| | aic: 
Tank! Figure п и Оуега11 Material 


ny lo. | Dimensions CT m | É - E 
Туре | № | Тор Botton | | Special Fittings 


1 | 6.5 10" х 10" lh tam 
| gallons x I8" АТЧасцгГ 
| Plate 


14. mm uiuo. | Used for DERV only at aribient 
Armour ! teuperatures of 36°F and 50°F. 
| Flate 


Plate 


B 2 | 50 | 19.5" х ‚20 mm | 20 ша | 20 ша | 20 ша None. | | Used for DERV only at ambient 
| | gallons | 19.5" х 36" armour | armour] Armour | Armour | temperatures of 36UF and 5097 
! Flate | 21816 Plate llate | ! х 
| T | ' ! | 0 | 20 m / 16" | / 16" 6/16" | 2 E ግ ን 0 EG m | ፡ -. 
ር | 3 1 89 ሪጋ x 2 30 ша | ፎህ ша | 2 | 5/1 PE ; 5 КІ electric immersion | Used principally for elevated | 
| gallons | x | ቿ፡፡ጮጩ | armour | 114 ፣ Mild 11114 heaters, Electric fuel ' temperature tests. Thermal | 
| | i Plate ; Plate | Өзесі | Steel | Steel circulating pump 12" dia., ! insulation provided by cork or | 
| | | | copper pressure disc., fuel | asbestos blanket lagging. | 
| | | | | and vapour tenperature and | 
| | | | | pressure measuring iappings. |! | 
à | - я = | መ መ] [| 
| ረ | | | | | 
| ቭ | 5 95 | 2t x 2' 50 ш | 20 mm | 5/16" | 5/16" | 5/16" 12" dia., copper pressure disc Used mainly for petrol at low | 
| | | gallons |х М!  ATUOUT Armour | Mild ] Wild | hild | fuel and vapour temperature 'teuperatures. Cooling obtained | 
| | | Plate | Plate | Steel | Steel | Steel | and pressure neasuring | by packing "Drikold" solid | 
| | | | | | tappings. | carbon dioxide round tank. | 
ГЕ | ne Е ስ LI | es 
| : | | 219 | 3' Х E | ሮ5 m | 50 m! 1 I^ | I" | 12" dia. copper pressure disc | Used for АУТАб only at anbient | 
| | | gallons [^ 6' 10 | Атто” | Armour; Gild | nild | Mild | fuel and vapour temperature | teuperatures. 
| | | Plate | Plate i Steel | Steel | Steel . and pressure measuring 
| | | | | at 55” | | 
| je ag 5 4 | i tappings. i 
т | le 2 пио de кит БЭ. Цан 
| 2 | 2 г! x 2 Б; | 20 ርፎ a" 20 тш Front and top bolted in place | Used for DERV with bromine | 
| |. 5 e [Мата | Armour | Мала Arnour| armour] for firing trials, 20 um | pentafluoride incendiary 
| | | | ve c | Plate | Steel | Plate | Plate | armour front and top welded | ammunition. 
| | | in place for static trials. ! 
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TABLE 3, 


T Ammunition | Rengo 
уре | | 
| А 20 mm. Hispano ጀጅ. 50 уаз, 
| [s 5" Browning AP. IT, " 
| Grenade No. 94 Mk, 2 | Static 
| | | (Energa) ши 80/20 | Detonation 
-------- : dc _ 
В 12 Pr, АР. Mk, 1 | 50 yds, 
‚2 Fr. АРСВС, ИК, 9 | ы 
‘Rocket head 3.5" | Static 
| | | Detonation 
| | P | | 
| C jd Pr. АЕ, | 50 yds. 
| | i 
| Grenade No, 9 Mk, 2 Static 
| (Fnerga). ! Detonation 
| | 
В е г. АЕ, 50 yds. 
| 
'Grenade №. 9 Mk. 2 Static 
| (Energa). Detonation 
| i 
| E |2 Pn АР, БО yds. 
| Rocket head 3.5" Static 
| | ‘Detonation 
Е 50 ша В.Р. RG.55 Aden, 150 yds. 
! 


Modified 30 п.п. 
| Round containing 
| 17.6 grams, В.Г, 


detonated 
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i" | 

| igsinst 1! | 
| 

| 

| 


Against either 1" ዕጅ ди 


Against 4" armour 
burster plate, 


Electrically | 


inside tank, 


Angle of Attack 


| Normal 


burster plate, 


| Normal 


" 


| Акаїпв% 1" 
burster plate, 


Through $" MS plate at 
45° to normal, to break 
up ahot, 


arnour burster plate. 


Through 8" MS plate at 
either 459 or 55° to 
normal, to break up Shot, 


55? to front plate 
Against B m.m. armour 
burster plate at 559 в 


Through 5" M.S. front 
target plate normal. 
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Tablo he 
Spark ignition Tests. 


Fuel | Temperature "p Explosion 


& Fressure Result 
Quantity | Fuel] Vapour | Р.5.Т.С. 


1 | DERV 105 84, | - | No explosion, 
2 40 gall 4 110 | 85 | መ ) 
5 Tank C | 128 | $ 8.4 
1 | 160 | 105 | 52 ) Mild explosion. rressure disc bulged, no effects external to tank, | 
5 | 3፻2| m | gem) 
ж ген | 
| [sedi ) 
| T | APG | 55] ) | 
| 8 | 40 gallons! 60 | 55 - | | 
| 7 “Таний | = | bs i 1 No explosion. Flanmable vapour may not have had time to form or stabilise, | 
| 30 | | 100| 70 = ) | 
9 | |20] ю | -11 
12 | |120| 92 | 5 1 
| | | i 
2 | 1354 103 | : )! 
A | | 
| lh 1 gallons | 18 | LO | 2 ) | 
Tank С 17221 де | - | No explosion. 
| | 25| 42 | » у: 
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sheet ጋ of 


Table Д. 
— — _— EE i ڪڪ = ڪڪ — س‎ : в 
| . | Fuel | Temperature °F | Explosion | 
| Spark | & | Ž | Prossure Result 
Мо. Quantity | Fuel | Vapour | Р... 1.0. 


ss Ж чш n mt —Á 


| 
17 | | 32 r NI No record Mild explosion. Pressure disc bulged, no effects external to — which 
| | | | had been sealed for 18 hours. 
i | | | ( 
18 i p 5 г 50 | - No explosion. 
19 | | 50 | 13 | - Но explosion. 
. 20 | 8 gallons! 35 | 45 | Мо record | Mild explosion. Paper pressure disc burst. 2! flenes for 12 seconds. Tank 
| h^ | | sealed for 2 hours. 
ee + Тапк б * 38 | 48 | - | Мо explosion. 
22 | | 48 | 12 | 95 | Explosion. Pressure disc blown out. 2! flames for 20 seconds, 
| 25 | | ገ ው 100 | Explosion. Pressure disc blown out. Fire in fuel (at F.V.R.D.E. ) 
| | и 
| 2% | 18 gallong 12 | 15 65 Hild Explosion. Pressure disc bulged, no effects outside tank 
| i. = | 
| 25 | Такс | 52 hil No record | Mild explosion, Cardboard pressure disc burnt. 3! flames for 3 seconds | 
| | | | Tank had been sealed for 18 hours. | à 
| | 2 М а Г, Кы 
| 26 i 32 3 D Sxplosion. Pressure disc blown out. 2! flames for ?0 seconds. 
| 27 10 51 | = Но explosion, | 
һ2 46 106 Explosion, 
| 28 Axpiosion Cardboard pressure disc blown out, 4! flames. Fuel in tank 
| | Still alight after 2 minutes, ' 
: Ё | . ank had been sealed for 18 hours. 
| 50 ы; 2 | No explosion, 
ы | 939 No record | ма | | 
| 21 E 2120 explosion, Ho bulging of thick pressure disc. 
32 85 2 Y 
ура : ,9 = | 
55 | Ho explosion, 


"n. 
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$$ Table | 
Fuel ! Tenperature Ор | = : — гс 
+ I O———— — n ———nn 


i ዘ 
! > = z 
| emt | ёс | p, onion 
Quantity | 8:93 | vapour | паша Result 
35 | 20 gallons 65 BO | та j = 
| =" 
36 Tank E | 75 85 so 2 Mild explosion. Pressure disc bulged. Tank had T 
) | each сазе, 8 Sealed for 18 hours in 
37 | PETROL M.T.80 -6| 25 | 8 3 
58 | 40 gallons] -10 О | 2ይ j Hild explosion. Pressure dise bulged, 
Tank Р, | 
| | 


| 
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Table 5. 
Firing Tests Against Fuel Tanks. 


ሽም. | 1 о | 
| ! pure F : . 
| Attack) Fuel & | TE ገው Fuel | Point of | №. of Result | 
| No, | Target | и NEE Quantity | Strike | Rounds | | 
| 1-9 | DERV | 20 mm АР | 2 ! - $ full | Above | 9 Мо fire. 
| 10 Tank А | | | | е: 1 Flash from target. 
| 11-16 | | 6 | = 2 full | Through | 
| | | | | fuel | 6 No fire. 
| 11 | | | 51 - | Full Through | 
| | | ma ча No fire. 
| 18-25 | 0.5" APT | Ж | = ዱ full Above ) | Но fire. 
| | | | fuel || | 
21-21 | Lb .. | | | ІА Flame for 1 to 2 seconds. 
| | | | 
28-57 i | 36 | - | 1" below | Through | 10 Flame for 1 to 2 seconds. 
| | | | | hole el 
48-11 | ' Energa | 50 | = Flash, but no fire. Piece of spun yarn on tank 


| i Grenade |. | ignited in one Case. 


No fire. 


| Flame for 1 to 2 seconds. 


Flare for 2 seconds, 


“Бізше for 2 seconds. Small fires started in spun 
| yarn and wood on tank. 
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è 2 = ии 


uv | НЕ 28 ኻ 
iti т کے‎ 
| Atta ck Fuel & | Жайкы ТО. ! Tompera ture "p 2 ШЕ; ET | o. of Result 
No, ] Target f = - | Fuel ! Vapour | ntt; | ኞ ት ድ መው 
| ሽ Ё 
/ 21 | сей ጋታ | At fuel Ho fire. Sparks, 
| Tank В | i level 
M | 49 | 21 No fire, 
/ 52-54 | | | | 
| 22 | | | | ) | 1 Fire for |, seconds, 
| се Е | | GERIT 
| 56-57 | 2 Pr, APCBO | 49 | - | 2 full Ahove ) 2 No fire. 
! | | fuel ) : : 

58-60 | | | ша № | 5 Flame for 1 to 3 seconds, 

61 with 1" | | A9 - 2 full | 1 | но fire, 

burster | i | 

62-65 | plate | и ow Large flame for 1 second. 
66-72 3.5" rocket 36 | - > full ) 7 No fire. 

1 | 

| | ) l Flame for 1 second. 
2 


15 
Flame for 2 seconds. 


74-15 


Flame for 2 to 5 seconds, 


1" below 
hole 


1" below 
hole 


| 
[e | 
| 


16-81 
Flame for 3 Seconds. 
yarn on tank in one case, 


without | 
1! burster 


SECRET - DISCREET 


Seat, | 
Ties 


Small fire іп piece of spun 


ጩ 
፦ 
Be 


| Wo. ! Target | ammunition 
85-92 | DERV ! Energa 
| | Tank С . grenade 
| 
| 97 | | 
| | : 
[^ ЭК | | 
ше | 
| | 
| 96 | 
| | i 
| | | 
тол, | 
1 | 5 
ELM ám 
| | 
99 | PETROL ! Energa 
| М.Т.80 | grenade 
| 2 


| Energa 
| grenade 


| Temperature 9р | 
| - — . 
SESE ИЙНИ 


| 


| 
| 
| 


፻‏ :5 -3---“ س 


| Fuel | Vapour 
то td 77% 146 
| 311 
116 - 
181 - 
372 = 
115 = 
158 108 
178 105 
гэ 39 
0 14 


SECRET - DISCREET., 


Fuel 
Quantity 


| 2/5 full 


2/3 full | 


2/3 full 


2/3 full 


2/5 full 


2/3 full | 


i full 


i full 


i full 


| Above 


Point of 
Strike 


хоче 
fuel 


above 


| fuel 


above 
fuel 


Through 
fuel 


Through 
fuel 


above 


ғы | 
Баты 


Above 
fuel 


Above 
fuel 


Above 
| fuel 


fuel. 


Up through 


fuel 


| gurface. 


| 
| 
| 
| 


| 


No. 
Rounds 


or 


8 


| 
| 
| 
4 


| No fire. 


| No fire. 


10 second fire in vapour. 


| No fire. 
! 


a 
! 


| Но fire. 


5 second 


نے 3 


Result 
END - 
Pressure disc bulged. Mild explosion. | 
ц" burster plate in front of tank. | 


Pressure disc bulged. Wild explosion. i 
1" burster plate in front of tank. 


Pressure disc omitted. 
እ" burster plate in front of tank. 


fire in vapour, with pressure disc onitted. 


| 
! 
| 


4318 explosion. 40 p.s.i. in tank. 


Mild explosion in tank. 2" H.S. burster 


at 45° in front of tenk. 


Mild explosion. 31 р.в.1. in tank. 
Ч" bureter plate in front of tank. 


Б fire or explosion. 
1 


Hild explosion. 


Mild explosion. 


Flame for about 2 seconds. 


Fire round tank sustained by 


leaking fuel. 


' Attack | 
No. | 


103-104 | AVTAG 


Tonk E 


105-106 


107 


111 | DERV 
Tank Р 

112 | 

113 

114 

115 


| 
| 
| 


| 
| 
| 


| 
| 


aio ЁЛ on 


.5" rocket 
head 


2 pr. AP 


5.5" rocket 
head 


30 mm В.Р. 


11.6 стап 

BP capsule 
electrically 
detonated, 


Тазы; кык bu ғау сіл መ መጻ 

፲ Pirej 
Vapour anti 

65-70| 80-82 $ газа 
55-75| 65-83 3 full 
60 70 > Ға11 
60 - 18 full 
'$ full 


Ye 
В 


к Condition 
в" Ш.5. Target 


ав above, but 2 
of top covered 
by $" HS. plate, 
we above, but " 2 full 
top closed by 2" 

M.S. plate. 

Top & front closed Full 


by 20 mm armour 
welded in place. | 


$ full 


| въже |ie- of 

ak Û OYE = 
fuel 

above 2 
fuel 

Through | 1 
fuel 

10" below 1 
fuel levo] 

5" below ረ 


fuel leve 


Through 1 
fuel 
Through 1 
fuel 
| 
Through | 1 
fuel | 
| In fuel 11 


АФ fuel 


No fire. 
pressure disc. 


Mild explosion, Sufficient to bulge 


Но fire. Mild explosion, Sufficient to bulge 


Pressure disc, 


immediate fire outside tank sustained by leaking 


fuel, 


| Immediate fire inside and outside 
| fire sustained by leaking fuel, 


tank, External 


| Explosion, followed by severe fire in and around 
' tank. Target plate blown off, = of fuel burnt. 


Explosion, tank overturned, fire in spilt fuel, 
target plate and top cover bowed about Зи, 


Explosion, tank overturned, fire in spilt fuel, 
top blown off, target plate bulged 2" and forced 


out on bolts, 


| Small explosion in tank. 


| 
| 
| 
| 
| 


No fire or damage. 


Small explosion in tank. No fire or damage, 


